Abstract Salmon aquaculture has emerged as a successful economic industry generating high economic revenues to invest in the development of Chiloe region, Southern Chile. However, salmon aquaculture also consumes a substantial amount of ecosystem services, and the direct and indirect impacts on human wellbeing are still unknown and unexplored. This paper identifies the synergies and trade-offs caused by the salmon industry on a range of ecosystem services. The results show that large economic benefits due to the increase of provisioning ecosystem services are also causing a reduction on regulating and cultural services. Despite the improvement on average income and poverty levels experienced in communities closely associated with the sector, this progress is not large enough and social welfare did not improve substantially over the last decade. The rest of human wellbeing constituents in Chiloe region have not changed significantly compared to the development in the rest of the country.
INTRODUCTION
After 20 years of the first Earth Summit, the vast majority of the world's nations declared that human actions were dismantling the Earth's ecosystems at an alarming rate (Cardinale et al. 2012 ). In the field of marine social-ecological systems, there is general agreement on what needs to be achieved (i.e., a sustainable aquaculture, less overfishing, recovery of depleted fish stocks, reduction in bycatch and habitat impacts, increase of jobs and better distribution of food), but specific objectives on how best to achieve them remain contentious and unresolved (Salomon et al. 2011) .
Our analysis focuses on the components of nature directly consumed by the salmon aquaculture industry in Southern Chile and how they relate to human wellbeing. Here we consider three types of ecosystem services by following the classification made by the Millennium Ecosystem Assessment (MEA 2005) : provisioning (i.e., salmonid production from aquaculture), regulating (biological regulation, human disease control, and waste processing), and cultural (aesthetic quality of seascapes-landscapes) services.
The transformation of multifunctional coastal and marine social-ecological systems (Chiloe before the implementation of the intensive aquaculture system) into monofunctional seascapes (Chiloe after the intensive aquaculture) constitutes an economic benefit in the short term. However, it may also produce a degradation of regulating ecosystem services, coupled with an increase of social vulnerability and a potential loss of human wellbeing in the long term.
The specific objectives of this paper are the following: (a) to identify the relationships between ecosystem services and salmon aquaculture, (b) to identify and analyse the flows of synergies and trade-offs between ecosystem services caused by the salmon aquaculture, and (c) to evaluate the trade-offs on ecosystem services associated with salmon aquaculture and its implications for human wellbeing in the social-ecological system of Chiloe. As far as we know, this is the first study in which such analyses are accomplished with the focus on the use of ecosystem services and its effects on human wellbeing.
Synergies and Trade-Offs Between Ecosystem Services
While the valuation of ecosystem services has been recognized as a relevant component of environmental public policies, most of these approaches tend to aggregate the different social groups of beneficiaries within a general category of human wellbeing, which limits the applicability of these approaches to questions related to synergies and trade-offs between ecosystem services, stakeholders, and institutions at temporal and spatial scales.
Even though most environmental management decisions recognize the existence of synergies and trade-offs between the benefits of ecosystem services, empirical studies tend to ignore the time-space relationships between ecosystem services and their beneficiaries (Tallis and Polasky 2009 ). This may lead to excessively simplified economic analysis of ecosystem services and the potential policy implications that may be derivated from them.
In spite of the relevant contributions provided from different methodologies commonly used in the environmental economics arena (i.e., contingent valuation, travel cost, or hedonic prices methods) during the last decades, most of them have important limitations in terms of spatial and social disaggregation of ecosystem services and the group of beneficiaries. It is not possible to assume that every hectare provides the same ecosystem services, and that these are valued in every hectare in the same way, because this implies ignoring key aspects such as diversity, spatial configuration, size, habitat quality, and the number and type of groups of beneficiaries (Tallis and Polasky 2009) . That is, empirical valuation studies often do not break down the issue in terms of typology and production processes or distinguish between the economic value of ecosystem services among different groups of beneficiaries (Daw et al. 2011) .
Under this context, Chile represents one of the global paradigms of an open economy focused on extracting provisioning ecosystem services to obtain commodities for export purposes (copper, lithium, seafood products, etc.).
MATERIALS AND METHODS

Study Areas
The Region of Los Lagos has been the principal recipient of aquaculture investment and production in Chile. Since the start of the activity in the 1980s, the companies have concentrated their net pens within the Sea of Chiloé (Fig. 1) . This study is focused on the salmon aquaculture developed in 15 of the 30 municipalities of the Los Lagos region (Southern Chile): Ancud, Calbuco, Castro, Chaitén, Chonchi, Cochamó, Curaco de Vélez, Dalcahue, Hualaihué, Puerto Montt, Puqueldón, Quemchi, Queilén, Quinchao, and Quellón.
From the 15 municipalities included in this study, 3 of them are considered urban ones (Puerto Montt, Ancud, and Castro) whereas the other 12 are rural entities. The salmon aquaculture industry needs three different types of infrastructures to obtain a production unit of salmon ready to be sold at seafood markets: (a) freshwater hatcheries, b) salmon net pens, and (c) processing factories. First in the ranking is the municipality of Puerto Montt with the highest number of jobs created within the salmon industry, and it also contains 18 freshwater factories; second is Hualaihué municipality (13), and finally Cochamó (12). The largest number of net pens is located at Quellón municipality (62), followed by Calbuco and Quemchi municipalities (with 40 and 39 net pens, respectively).
The processing factories of the industry are mostly located in three municipalities: 21 processing factories are located in Puerto Montt (the most populated municipality of the region); 9 are localized in the municipality of Calbuco (West of Puerto Montt); and 7 in Quellón (South of Chiloé island). In 2011, 57 % of the total production of salmon aquaculture in Chile was located within the sea of Chiloe and the surrounding municipalities. According to unpublished data from regional government of Los Lagos and SERNAPESCA (Fisheries Services of Chile), 465 net pen concessions and 113 fresh water hatcheries and 50 processing plants were located within these 15 municipalities.
Step-by-Step Approach: Ecosystem Services Level and Data Proxy
Here we describe the method we followed to investigate the role of ecosystem services included in the study at different scales by using a step-by-step approach (Villasante et al. 2011 Because scenic beauty is an attribute usually considered to be relevant to people living in coastal communities and for those who visit coastal areas to enjoy the ocean and the marine environment, coastal planners can incorporate measures of visual amenities and/or disamenities into broader policy deliberations and planning exercises. Thus, a spatial model of the viewshed impact on the aesthetic quality of the landscape and seascape has been generated by using the InVEST Aesthetic model (Tallis et al. 2013) . (e) In the process of collecting data and information, this paper uses data proxies in order to determine the undesirable and desirable outcomes on the whole chain of ecosystem services constituents (types, categories, dimensions, values) derived by the salmon aquaculture activities. Here, undesirable (or negative) outcomes are assumed as decreases of the ecosystem services, and desirable (or positive) outcomes as increases of the ecosystem services. In addition, synergies and trade-offs between different ecosystem services described in (a) and (b) are also included in the analysis. By synergies we mean an increase of at least two ecosystem services, while trade-offs refer to the increase of a given ecosystem service and a decrease on another one at the same spatial and temporal scales (Bennett et al. 2009; Carpenter et al. 2009 ). . Data and information which covers aspects of marine ecosystem services in the area were also gathered from national reports and published papers included in ISI Web of Knowledge and Latindex databases. In addition, phone and e-mail surveys were carried out between May and June 2013 targeting salmon aquaculture firms mainly located within the selected municipalities in order to find out employment data on each of the three production units. All the interviews were made by contacting the person in charge of the human resources department in each salmon aquaculture firm. The aquaculture firms were randomly chosen to ensure a homogenous representation of the sample in each municipality which then was used to estimate the following structure of direct employment: a net pen generates an average of 30 jobs per year, a processing plant 225 jobs and a hatchery an average of 35 jobs. The Potential Capacity of Chilean Salmon Aquaculture to Improve Human Wellbeing
Aquaculture is a form of exploitation that takes place in the biophysical environment by making use of the marine ecosystem to achieve its target of intensive fish production with nutritional values important to the welfare of humans (FAO 2012) . For the Chilean aquaculture the main species grown in terms of volume is the Atlantic salmon (Salmo salar), which is an alien species in the marine socialecological ecosystem of Chiloe (Thorstad et al. 2008) .
For the purposes of the study, it is important to stress that salmon aquaculture is not the sole economic activity in the region (farming, fishing, and tourism develop an important overall role as well), but it has a predominant role providing direct and indirect employment at the municipality scale. The salmon aquaculture invests human and technological capital to generate indirect benefits of ecosystems as stable employment and flexible capital accumulation (Barton and Floysand 2010) . Through the use of human, built, and natural capital, aquaculture industry may contribute to the achievement of wellbeing constituents (MEA 2005) .
It is important to highlight that a high number of studies that establish conceptual frameworks can be found in the literature to categorize human wellbeing constituents based on the degree of development of the country (Duraiappah 2004; MEA 2005; Smith et al. 2013) . Duraiappah (2004) and MEA (2005) use a suitable framework to apply in developing countries, whereas Smith et al. (2013) propose a framework to distinguish human wellbeing constituents suited to developed countries (Australia, European Union, New Zealand, USA, etc.) (see for more detail the Electronic Supplementary Material).
RESULTS
Provisioning Ecosystem Services
Figure 2 presents the trade-offs generated by the salmon aquaculture industry in the Sea of Chiloé. In terms of provisioning ecosystem services, salmon aquaculture mainly affects food provision by increasing the salmon production, in particular the export production to international markets. The provisioning's category comprises the monetary and social ecosystem services' dimensions. The monetary dimension indicates that Chilean salmon aquaculture shows a huge economic benefit in the short term, while the social dimension of the provisioning ecosystem services presents both desirable and undesirable outcomes.
Salmon aquaculture is also able to cause some trade-offs because is not able to satisfactorily address some ethical and equity (income and its distribution, labor safety, labor rights) values of the ecosystem services provided to the society. In addition, the most important trade-off occurs between the regulating and provisioning services. The salmon industry generates a strong exchange between the monetary dimension of provisioning services and the biophysical-ecological dimension of the regulating services in the social-ecological system of Chiloé (Fig. 2) .
Short-Term Positive Outcomes on the Monetary Dimension of Provisioning Ecosystem Services
The economic revenues were depicted through indicators of secondary variables indirectly related to the provisioning services, namely corporation benefit, tax benefits, production multipliers, poverty index, and employment rate.
Corporation Benefit
The Chilean salmon aquaculture industry generated US$2500 million according to statistics of seafood exports in 2010 (FAO 2012) , while the peak of seafood exports was reached in 2007 with US$3600 million (Fig. 3) . In 2007 the industry was hit by the Infectious Salmon Amnesia (ISA) virus which caused a substantial mortality on the salmon net pens in Chiloé (Valdés-Donoso et al. 2013 ). This demonstrates that aquaculture production is highly vulnerable to adverse impacts of disease and environmental conditions, not only in Chile but also elsewhere (FAO 2012) .
The ISA crisis consequently led to a fall in the production volume and consequently in the net benefits (in 2011 the production volume had dropped to 150 000 tonnes and US$1000 million (Fig. 3) , and generated an estimated economic loss of US$2000 million with more than 25 000 jobs lost in the sector. The recent ISA virus detection in Aysen region in April 2013 was also a new symptom that the effectiveness of the salmon aquaculture industry in achieving a high control and monitoring production system is still fragile (Bravo et al. 2013 ).
Tax Benefits
The 1991 Chilean Fisheries and Aquaculture Law (Law No. 20.657) was modified in 2013 to ensure the sustainability of fishery resources, whilst taking into account the welfare of those communities depending on marine activities. The new law incorporates the obligation to pay a fee for space occupied by net pen which is US$820 ha -1 year -1 . The funds obtained from this fee go directly to the creation of a common fund of the Chilean government, which is redistributed proportionally based on poverty incidence, number of properties exempt from taxation, income per habitant, and index of proportional size of the municipality. These funds are put aside for the development of other activities related to the welfare of the society such as public education, which is controlled by the municipality, the satisfaction of social needs and/or the improvement of infrastructures. The estimated total annual amount collected from this fund in 2012 reached US$5.4 million. However, in spite of the fee approved by the Law No. 20.657, the contribution of the taxes from salmon net pens on the total amount of public taxes is relatively low (in average 12 %) . Source own elaboration from (FAO 2013) compared to the weight of the industry in the economies of the municipalities included in this study (Table 1) .
A second type of tax is obtained by the Chilean government from the salmon aquaculture through the creation of employment contracts and it goes directly to the Chilean tax administration. This tax increases with the salary received by the employees and it is applicable to contracts which salaries are above US$1300 per month. As result, only 20 % of the salmon industry employment is contributing to the common employment tax, generating an average revenue of US$533 000 per month.
Production Multiplier
The production multiplier measures the capacity of a sector to generate indirect employment. According to FIP (2005) , the salmon aquaculture showed the lowest production multiplier of a total of 19 analyzed sectors of the Los Lagos region economy. Therefore the impact of salmon aquaculture to satisfy one of the human wellbeing constituents is not developing any ''knock-on'' effects on a network and/or cluster of different economic industries in the region.
Employment, Capacity Building, and Poverty Levels
The development of salmon aquaculture industry, almost inexistent 20 years ago, has raised the migration of workers to the Los Lagos region from the rest of the country. The industry attracted professional workers, and it also generated the creation of different university degrees on aquaculture as well as to offer a range of technical degrees (Montero 2004) .
The increase of education and professional proficiency in developing countries is often associated with the potential to reduce inequality and poverty (Baneerjee and Duflo 2011) . The advances made within the salmon aquaculture industry in this field could contribute to the decrease the poverty incidence in the salmon municipalities.
According to CASEN (2011), poverty levels have slightly dropped from 14.6 % in 2000 to 12.1 % in 2011 (in 2011, the poverty line was above US$153 per month). Comparing the evolution of poverty incidence in the region of study and in Chile, Table 2 indicates that although in the year 2000 the region showed a higher poverty incidence than the whole country, the decrease of the poverty incidence was also greater: in the first case the poverty incidence decreased from 25.6 to 13.3 % while in Chile diminished from 20.2 to 15.9 %.
However, some municipalities with high number of direct employees in the salmon aquaculture such as Calbuco (3370 jobs) and Puerto Montt (6539 jobs) still show high level of poverty if compared with other municipalities. On the other side, the rest of municipalities such as Castro (1015 jobs), Curaco de Vélez (180 jobs), Dalcahue (1095 jobs), and Quinchao (1235 jobs) increased the poverty incidence between 2000 and 2011 (Table 2) . It is important to highlight that in those municipalities with other rural and urban activities the poverty incidence may also be affected by the trends of these economic activities. Long-Term Trade-Offs on the Social Dimension of Provisioning Ecosystem Services
Income Distribution
As already described, the provisioning ecosystem services generate a substantial amount of economic capital with the use of human, manufacture, and natural capital. The human capital of the social-ecological system in Chiloé obtains a direct economic and social return in terms of income. This economic service has the potential to impact positively on the social cohesion of the population by creating equitable wages and redistributing wealth, thereby relieving conflicts between different classes (Rupasingha et al. 2006 ). According to the Chilean's National Institute of Statistics (INE) (2008), a high number of the jobs are concentrated among factory base workers, egg hatchery operators, refrigerator workers, and feeding center workers. The rest of the jobs are also distributed in administrative personnel, divers and harvesting supervisors (Table 3) .
In terms of salaries, 80 % of the workers receive a salary below US$500 per month of which almost 30 % are usually subjected to a high variability due to the fact that the workers can receive a production bonus depending on the development of the economic activity. As a result, the salary is often below US$330 per month (Diaz 2009 ). The other 20 % of the total workers are office and administration positions whose average salary is around US$900 per month. Salaries for technical employees amount to US$2300 per month and managers to US$10 650 per month.
Labor Rights and Equality
According to Melillanca and Díaz (2007) , 13-15 % of the total working force of the salmon aquaculture industry belonged to unions in 2007. The current structure of the sector includes a high number of contractors and subcontractors, and a precarious control of the labor rights. In the Chilean legislation there is also a fine system to punish the lack of compliance of labor rights. However, in spite of this important initiative, the fine system is unable to promote labor rights compliance among the companies, as the law does not allow sanctioning the same company more than once a year (Ernesto Morales, pers. comm., Inspector of Labour Direction, Ministry of Public Work).
According to Montero (2004) the most expensive cost is concentrated on the feeding process of the value chain where 49 % of the cost in an average salmon net pen is usually destined to the cost of fishmeal supply, while 27 % of the total costs is dedicated to labor cost. The labor force of this industry is one of the labor sectors in which employees spend more hours at work, where 1 of 5 workers works 50 h per week (Gillet and Olate 2010) .
Regulating Ecosystem Services
The salmon aquaculture industry mainly affects three categories of regulating ecosystem services (biological (2008) regulation, human disease control, and waste processing), and all of them are focused on the biophysical-ecological dimension. The salmon aquaculture affects the biodiversity value and the functional diversity of the regulating ecosystem services. In this study, we found that the salmon aquaculture is causing short and long-term negative outcomes on regulating ecosystem services and biodiversity.
Biological Regulation
Inorganic dissolved waste enhances the growth of algae leading to harmful algal blooms (HAB) that may produce cascading effects on the marine food web ([1] in Fig. 4) , which are poorly understood (Buschmann et al. 2006) . Salmon farms can also disrupt marine food webs by attracting carnivorous birds and endemic mammals from Chiloé sea such as the sea lion ([2] in Fig. 4) . Farmed salmon escapes (1-5 % of cultivated individuals) from marine net pens occur through persistent lowlevel leakage and by millions individuals when extreme weather events destroy production facilities and infrastructure. These values may increase during extreme weather events by destroying net pen structures and eventually allowing exotic species to feed on wild prey, maintaining positive growth rates and reducing the abundance of native marine fish species at short time ([3] in Fig. 4 ) through competition and/or predation (Soto et al. 2001) .
In addition to introducing farmed salmon to the environment, net pens serve a source of diseases and parasites with a well-documented negative effect on wild salmonid populations (Krkoscek et al. 2007 ). Asencio et al. (2008) reported that Salmon lice (Caligus rogercresseyi) outbreaks have negatively affected salmon aquaculture during the last 30 years. There are also empirical studies which show that Salmon lice has switched hosts and infested wild populations of the coastal fish Patagonian blenny (Eleginops maclovinus) ([4] in Fig. 4 ). In addition, salmon aquaculture has negatively impacted the fishery resources traditionally harvested by the small-scale fishing fleet by altering the marine habitats (Outeiro and Villasante, pers. com.) .
On the other hand, salmon aquaculture is extremely dependent on capture pelagic fisheries (Deutsch et al. 2007 ). According to Tacon et al. (2010) , the main components of salmon diet are pellets made with fishmeal (25 %) and fish oil (15 %). In Chile both products are acquired through the industrialized and artisanal capture of Fig. 4 Summary of ecological impacts from salmon farming net pens on coastal-marine systems. Source adapted from Buschmann et al. (2009) Chilean jack mackerel (Trachurus murphyi), Common sardine (Strangomera bentincki), and Peruvian anchovy (Engraulis ringens), among other pelagic species ([5] in Fig. 4) . Tacon et al. (2009) also found that the Chilean salmon aquaculture requires between 20 and 40 % more volume of fish to produce one tonne of salmonids. In fact, Chile is the third largest producer of fishmeal and fish oil for aquaculture, which is supported by the pelagic species of marine ecosystems (Deutsch et al. 2007 ).
Human Disease Control
High volumes of antibiotics used by the industry started to be issued since the ISA virus outbreak in 2007 with inefficient results (Bravo et al. 2013 ). Despite of this, salmon aquaculture in Chiloé still uses 8000 times more antibiotics than the Norway salmon aquaculture (Millanao et al. 2011) . This intensive and excessive usage of antibiotics may lead to harmful human diseases and harm the biological equilibrium of the marine environment (Rozas and Asencio 2007; Tett 2008; Sapkota et al. 2008; Millanao et al. 2011) . Tetracyclines (used for protein inhibition) and quinolones (fast bactericide action) have been found ([6] in Fig. 4 ) in native species surrounding the salmon net pens of the Chiloe Sea (Soto and Norambuena 2004) .
Several chemicals are used to treat sea lice outbreaks, and the indiscriminate use in Chile of some of these products appears to have the potential to increase resistance levels in the lice (Mordue-Luntz and Pike 2002). These products can also affect other crustaceans (copepods) potentially exacerbating the food web disruptions and the risk of HAB (Tett 2008) .
Waste Processing
It is estimated that salmon net pens produce an average of 9.5 kg of phosphorous (P) and 78 kg of nitrogen (N) per day per every 1000 kg of salmon in a given cage. From that total amount 60 % of N (46 kg) and 12 % of P (1.1 kg) is transformed in dissolved nutrients ([7] in Fig. 4) , and 15 % of N (11.7 kg) and 65 % of P (6.1 kg) is transformed into solid matter sediment ([8] in Fig. 4) . The other 25 % of N (19.5 kg) and 23 % of P (2.1 kg) are stored in salmon mass which is then harvested ([9] in Fig. 4) . It is well established in the scientific literature that organic waste from salmon farms alters the physiochemical properties and changes the micro-flora biodiversity of benthic sediments (Chopin et al. 2008) .
These studies are consistent with those from the Northern hemisphere suggesting that inputs of waste material disrupt benthic ecosystems beneath salmon culture pens (Buschmann and Fortt 2005) . Recent improvements in feeding technology have reduced the amount of food waste introduced to benthic environments, but such advances will be less effective at reducing metabolic waste because the assimilation capacity of salmon is finite (Buschmann et al. 2009 ).
Long-Term Trade-Offs on the Socio-economic Dimension of Cultural Ecosystem Services
Cultural ecosystem services (i.e., aesthetic, cultural heritage, educational, inspirational, recreation and tourism, sense of place, and spiritual and religious) are impacted by the salmon aquaculture in at least the recreation and aesthetic categories. Here, recreation mainly encompasses the monetary dimension and aesthetical category the sociocultural dimension.
The monetary dimension includes the non-extractive use value of the seascape which is able to attract tourism, which ultimately may lead to the improvement of social welfare of the population. On the other hand, the sociocultural dimension embraces the existence value of the seascape/landscape of the indigenous communities and local people who desire to keep a pristine seascape as a legacy for present and future generations.
The coastline and 'seascape' is an important economic asset that attracts visitors for tourism and recreation which may contribute to the general quality of life for people living near the coast. Near-and offshore development projects often raise considerable concern within the local communities that value the natural seascape for its inherent beauty.
The coastal areas of Chiloé hold an amazing and varied scenic beauty with rugged land forms around bays, channels, and fiords with volcanoes in the background. Salmon net pens within the Chiloé Sea are located not far from the shore within bays, channels, and fiords. The salmon net pens occupy an important amount of sea space, which normally degrades the aesthetic value of the seascape or landscape. Location of the net pens has neither been regulated in terms of scape impact, nor minimized the visual impact searching for areas where the topography may provide a viewshed. Figure 5 shows the visual impact of the salmon net pens in Chiloé by using the InVEST Aesthetic Quality model (Tallis et al. 2013) . We used the classification of Jenks natural breaks (see the ESM for detailed definition), which ArcGIS is able to optimize automatically. The viewshed was delineated with a 5 km buffer from the shore to land. Each pixel within the viewshed represents 0.4 km 2 , giving a total area of 5690 km 2 . The results of using the InVEST model indicates that 44.8 % of net pens had no visual impact, 20.7 % belong to low visual impact, 12.2 % to lowmedium visual impact, 11.8 % to medium-high visual impact, and 10.5 % to high visual impact. Overall, the amount of viewshed degraded is 55.4 %, and it is a noticeable higher intensity of impact on the Reloncaví Sound, Hornopirén, and Chaitén communities, which is the area holding higher degree of natural seascape quality (Fig. 5) .
Spatial Analysis at Municipality Scale of Human Wellbeing Indicators
Data available at the municipality scale from the survey of socio-economic characterization (CASEN) of the Ministry Fig. 5 Aesthetic quality impact on landscape and seascape in the coastal fringe of the Sea of Chiloé. The visual impact is measured as follows: the visual impact ranges from low visual impact to high visual impact 0 to 4, being low visual impact scored between 1 and 2 for net pens, lowmedium visual impact with an score between 2 and 4 net pens, medium-high 4 to 7 net pens, and high visual impact 7 up to 54 net pens. Source own elaboration from the InVEST Aesthetic Quality model of Social Development has been used to spatially map some selected indicators to measure the level of human wellbeing at municipality scale in the 2000-2010 period. The selected indicators of human wellbeing represent 3 of the 5 constituents of human wellbeing: safety and security, living standards, health and freedom of choice and opportunity 1 . It is important to highlight that while the living standards constituents (average income, precarious sanitation, and precarious housing) has been improved in almost all the municipalities, the safety and security (criminal complaints and socio-economic vulnerability) and freedom of choice and opportunity (average years of schooling and income inequality) constituents has experienced a deterioration in all municipalities.
Safety and Security
Intense socio-economic vulnerability is high in Calbuco, Cochamó, and Quemchi municipalities where the percentage of direct employment from salmon aquaculture is 19, 55, and 17 %, respectively in 2010 (Fig. 6) . As a result, the contribution of the salmon aquaculture industry to improve the safety and security conditions of people is still low. This vulnerability can also lead into poverty in the case of any ecological or financial crisis, as the ISA outbreak occurred in 2007. The likelihood of a new crisis is high due to the lack of human and technological capacity to control such type of abrupt (but predictable) social-ecological change, together with the shrinkage of regulating ecosystem services.
In addition, data of total criminal complaints is also used to evaluate physical security and safety of the population. According to data from the Ministry of Social Development (2010) , the total number of criminal complaints in 13 of 15 (Hualaihué has the same level of criminal complaints in both years) municipalities analyzed increased between 2005 and 2010 (Fig. 6) .
Living Standards
Three components of living standards have improved during the 2000-2009 period. In terms of precarious sanitation, apart from Calbuco, Castro, Dalcahue, Puerto Montt, and Quinchao's municipalities which did not improve their standards, the rest of them (8) did improved significantly in the these years. Precarious housing follows a similar pattern with most (9) of municipalities improving their standard, Castro and Puerto Montt shows no changes and Calbuco and Cochamó presents worse conditions over time. The average income has also increased in all the municipalities (except Quemchi which remains at the same level).
2 However, this increase seems not to be far enough to reduce the poverty level and the criminal complaints in all municipalities of the region.
Freedom of Choice and Opportunity
In order to analyse this human wellbeing constituent, we consider data of income inequality by estimating the Gini coefficient in all of the municipalities during the 2000-2009 period. Table 4 shows that the inequality increased in the last decade for the municipalities selected, therefore decreasing the freedom of choice and opportunities in the region.
DISCUSSION
Temporal trade-offs of ecosystem services caused by the salmon aquaculture are manifested by (a) growth of provisioning ecosystem services, (b) shrinking of regulating ecosystem services, (c) reduction of supporting ecosystem services and biodiversity, and (d) decrease of cultural ecosystem services.
As a consequence of shrinking of supporting ecosystem services, the resilience of the social-ecological system is reduced as well as the ability of the community to deal with the three fundamental components of human wellbeing. Thus, the social-ecological system becomes more vulnerable to any change or crisis that might take place in the future.
Potential Contribution of Ecosystem Services to Human Wellbeing by Socio-economic Factors
The Increase of Provisioning Ecosystem Services
In theory, provisioning ecosystem services are the most important services to effectively deliver human wellbeing because of their potential to contribute to the improvement of the socio-economic conditions of a given coastal area. In terms of management and planning, it is crucial to only allow activities that produce provisioning goods and services with effective contribution to human wellbeing by socio-economic factors.
When increasing provisioning services, a given public policy may improve the standards of living and health as well as the security level of the population. Moreover, the potential contribution due to socio-economic necessities (economic revenues, increase employment, etc.) could be 1 A detailed explanation of the concepts and relationships among ecosystem services and human wellbeing constituents is given in Fig.  S1 of the Electronic Supplementary Material.
2 See detailed results in Fig. S2 of the ESM.
high in terms of safety-security and standards of living, and it would have also a low potential to deliver good social relations. However, as described previously, safety and security indicators (poverty incidence and criminal complaints) showed that general improvement of average income seems to be not high enough to reduce the poverty incidence in all municipalities. In addition, the region still remains below the reported average of the country.
On the other hand, the observed socio-economic vulnerability is high for the whole studied area and the criminal complaints indicator increased in almost all municipalities. Nevertheless, in terms of standards of living the spatial results obtained in this study also indicate that the improvement of the average income at least allows the population to diminish the precarious sanitation and the housing sanitation. The Decrease of Regulating Ecosystem Services
The decrease of regulating ecosystem services may impact the potential contribution to the improvement of socioeconomic conditions of coastal communities. The study area suffered a biological crisis in 2007, which also triggered a dramatic socio-economic crisis (Gillet and Olate 2010) . Thus, the capacity of regulating ecosystem services to improve access to human wellbeing by socio-economic factors can be impacted when regulating ecosystem services decrease. Regulating ecosystem services are key to deliver human wellbeing constituents in the long term. When the activities of any aquaculture enterprise are decreasing regulating services, the natural capacity of the ecosystem to deliver human wellbeing is being lost. From this trade-off between ecosystem services, it is highly advisable to strongly increase the control of these activities that unbalance the relationship of regulating ecosystem services with provisioning ecosystem services.
The Decrease of Cultural Ecosystem Services
More than half of the coastal landscape and seascapes where the salmon aquaculture is located have been impacted aesthetically. In terms of security and good social relations, seascape aesthetic quality is also important to deliver human wellbeing (Sander and Polasky 2009) . Tourism activities depend on the quality of seascape and landscapes to attract local and foreign visitors. Therefore, a reduction of aesthetic quality can put their economic security under siege, also because of degraded landscapes and seascapes are less attractive for investors on spiritual and natural values (Haggett 2011) . In order to efficiently manage resources and avoid the degradation of aesthetic seascape and landscape's viewshed quality, it is crucial to identify hotspots that provide topographically natural view shades to locate the salmon net pens or any other aquaculture infrastructure.
In this study we found that salmon aquaculture is an important consumer of ecosystem services compared to other economic activities in the region such as tourism (Jordan et al. 2012) or traditional small-scale fishing activities.
The consumption of ecosystem services by salmon aquaculture activities creates great wealth opportunities, but the distribution of this wealth is undermining the delivery of human wellbeing. Salmon aquaculture has indeed contributed to improve the material constituents of the human wellbeing, especially in terms of average income, poverty alleviation, precarious sanitation, and precarious housing.
Besides, the cost on regulating ecosystem services may limit the access to other ecosystem services and goods, and may also create conflicts with other important economic activities such as artisanal fishing or eco-tourism.
The conceptual approach adopted in this study elucidates where it is necessary to concentrate the planning and management efforts in order to transform the weak Chilean regulatory framework in a more equal, sustained and fair legal one. Taking into account that municipalities hold a substantial amount of responsibility to deliver wellbeing, the Chilean local administration has the opportunity to level up taxation and at the same time redistributing the socio-economic benefits derived from aquaculture. This measure may influence positively on the improvement of human wellbeing constituents at the municipality scale.
We accept the hypothesis previously launched, confirming that regulating and cultural ecosystem services have been degraded in change of provisioning services at the local scale. It is important to highlight that the environmentalist paradox 3 (Raudsepp-Hearne et al. 2010) need to be address at the finer scale (Duraiappah 2011) . This study provides a context-specific and local scale contribution to untangling the environmentalist paradox, confirming that at the local scale (municipality), ecosystem services are degrading while the human wellbeing is also declining (apart from living standards).
Finally, it is important to highlight some limitations of the study related to the availability of accurate data. Firstly, although most of the relevant socio-economic impacts of the provisioning ecosystem services have been quantified at the municipal scale, the valuation of the socio-economic Source own elaboration from CASEN (2011) 3 Which is commonly known as the improvement of human well being while, at the same time, ecosystem services are being degraded.
impact on regulating and cultural ecosystem services is far from being fully understood. Secondly, while employment data was used to show the role of salmon aquaculture in the labor market, indirect multiplier effects of the activity is at this moment difficult to quantify. Thirdly, the temporal available series of data used for some of the human wellbeing constituents may be not large enough to have a full understanding of the contribution of salmon aquaculture in the Sea of Chiloé. However, the qualitative information from the interviews made to the representatives of the sector accurately confirms the results presented in the study. Under these circumstances, future research efforts need to be intended to tackle the mentioned limitations as well as to integrate other types of aquaculture (mussels, abalone, and seaweed) on the ecosystem services framework, to quantify biophysical pressures and aesthetical impact on landscape and seascape and to model the impacts of climate change on the entire value chain of the aquaculture industry.
